To document the prevalence of risk factors for cardiovascular disease in an unstudied community, a survey of 130 participants from different areas of Sierra Leone was performed. The focus was on cardiovascular disease because its prevalence had not been studied and World Health Organization (WHO) reports on Non-Communicable Diseases (NCD) prevalence were extrapolations and not from actual data. Resting blood pressure, fasting blood glucose, fasting lipid levels and carotid intima media thickness (CIMT) were measured. Mean blood pressure in men was slightly lower than in women (132/87 mmHg and 139/90 mmHg respectively), mean fasting blood glucose levels were <100 mg/dL in both groups and mean fasting total cholesterol was higher in women than in men (206 mg versus 193.5 mg/dL). Mean fasting low density lipoprotein levels were similar in both groups, 129 mg/dL in men and 133 mg/dL in women. Mean fasting high density cholesterol was 47.2 mg/dL in men and 55.5 mg/dL in women and CIMT values were similar in both groups, with 60% above the 75 th percentile. This study demonstrated a prevalence of cardiovascular risk factors in this population with mean BP placing both men and women in pre-hypertension or stage 1 hypertension ranges and elevated mean low density lipoprotein levels. Fasting total cholesterol, blood glucose and high density lipoprotein were within normal ranges. Mean CIMT values for men and women placed them at risk for subclinical atherosclerosis.
Introduction
In 2011, the WHO report on NCD estimated the mortality rate in Sierra Leone due to cardiovascular disease and other non-communicable disease was 18% of all deaths. Three years later in the 2014 report, the rate had increased to 26% with cardiovascular diseases representing a large proportion of these deaths [1] . Years earlier in 1996, Professor Sir Henry Marmot published his research concerning socio-economic factors and cardiovascular disease and concluded that the increased mortality rate in eastern countries was possibly due to "westernization" [2] . Over two decades later, when Murphy et al. carried out a cross-sectional survey in rural Uganda, they too concluded that socioeconomic status was associated with NCD risk factors in that population [3] .
According to the World Health Organization (WHO), diseases such as obesity, once a problem in primarily high-income countries, are now on the rise in low and medium income countries, particularly the WHO African and American Regions. In addition, it was noted that the prevalence of hypertension was highest in low income countries in Africa where a comprehensive healthcare infrastructure is lacking [4] . The incidence of NCDs and resulting deaths from associated complications is thought to have dramatically risen in these countries, suggesting that either NCDs are now being routinely reported, or promotion and adoption of a healthy lifestyle has not become a priority in countries where western lifestyle is now increasing. There have been suggestions that the introduction of "westernized" diet and a shift from agriculture to more processed foods are major factors in this ever-growing problem [5] .
A study published in Nigeria by the Department of Human Nutrition further established that these detrimental changes in the diet of people in African countries were a major concern, and that was due to industrialization and associated lifestyle alterations, there is now an increased problem of a greater risk for cardiovascular diseases [6] . There is an overwhelming lack of data in Sierra Leone regarding NCD sand associated problems, and the purpose of this study was to document findings regarding these diseases to assist the healthcare community in better understanding risk markers and patient susceptibility. As in many other West African countries, diagnostics and treatment options for myocardial infarction and cerebrovascular disease are limited, making early identification of risk factors of paramount importance for instituting lifestyle modifications and associated beneficial outcomes, while also being cost effective for patients in poorer communities [7] .
Using CIMT as a predictor of cardiovascular disease has been widely studied. In addition to the accepted risk factors such as hypertension and high levels of low density lipoprotein (LDL), mean CIMT has been suggested as an accurate, independent, noninvasive predictor of impending coronary heart disease [8] - [13] . Recently published studies have concluded that mean CIMT, together with the presence of plaque in the carotid artery, is better predictor of future cardiovascular problems than with CIMT alone [14] - [19] .
Other disease trends have also had a major impact on healthcare in Sierra Leone. The rise in HIV infection rates necessitates the use of drugs like protease inhibitors which have been shown to be associated with an increased risk of myocardial infarction. This increased risk is thought to be almost certainly due to dyslipidemia, as was published by the DAD study group [20] . In addition, there have been major increases in other communicable diseases due to a combination of poor sanitation, clustering of populations and poor healthcare infrastructure (World Health Organization, Sierra Leone; http://www.whosierraleone.org/2_programs/communicabledisease.html). A survey of participants aged between 25 and 77 years, was performed in three regions of Sierra Leone over the course of four weeks. Individuals were sampled from different socio-economic backgrounds, from the capital Freetown to the west (per capita income varies a great deal, so values here are estimates from 2014; Freetown $868 to $1,690, Port Loko in the north; $624 -$868 and N'jala in the south; $450 -$690), shown on the included map. Volunteers were solicited from their respective communities via public announcements on the radio and by word of mouth through local community leaders with the request to fast at least 8 hours prior to testing. Exclusion criteria included individuals less than 25 years old and those who were pregnant. The screening was performed by medical personnel fluent in the local dialect, using an approved questionnaire. No medical record http://www.un.org/Depts/Cartographic/map/profile/sierrale.pdf review was performed and no identifying information was obtained on the questionnaire. There were no incentives offered and free health counseling, as well as test results, was provided to participants, something which many would not have been able to afford.
Methods
Procedures were explained to the participants, and a discussion of test results was given, including recommendations for life-style modification. With a finding of abnormal test results, follow up was recommended with their primary care providers or the onsite provider. Three participants had no blood pressures recorded because of prior mastectomies; five had no fasting blood levels measured due to not fasting at the time of screening and not returning for fasting level measurements; one participant refused to have carotid imaging performed. After consent was obtained, data was collected on the approved questionnaire, including demographic information, a brief medical, as well as a brief social background including HIV status and cigarette smoking. Participants were asked about prior HIV testing and results whether positive or negative. A majority of the volunteers (96%) were unaware of their status and no HIV testing was performed during this study. Participants were allowed to rest for at least 5 minutes before subsequent screening.
Bilateral resting blood pressure was measured in the seated upright position using a standard medical sphygmomanometer and an appropriate sized cuff. Fasting blood glucose levels were obtained with a standard TRUE result TM glucometer (Nipro Diagnostics Inc., Fort Lauderdale, FL, USA). Fasting lipid levels, including cholesterol, triglyceride, high density lipoprotein and low density lipoprotein, were obtained using a CardioChekP.
Aanalyzer TM (Polymer Technology Systems Inc., Indianapolis, IN, USA).With the subject supine, B-mode images of their bilateral common carotid artery (CCA) and their bilateral carotid bulb were obtained with a GE Vivid ETM ultrasound machine fitted with an 8L-RS high frequency linear array transducer (GE Healthcare, Waukesha, WI, USA). Transverse and longitudinal images were obtained and evaluated onsite for the presence of clinically significant plaque formation. Longitudinal images of the carotid artery were recorded in 3 -5 heart beat cine loops with optimal visualization of the near and far walls of the distal 1 cm of the CCA and the proximal carotid bulb. Images were recorded in the longitudinal plane from three different optimal acquisition angles of incidence showing near and far wall double lines indicating true perpendicular scanning planes by the same sonographer experienced in obtaining images for CIMT measurements (Figure 1) , as recommended by the American Society of Echocardiography (Morrisville, North Carolina, USA) and the Society of Vascular Medicine (Deerfield, Illinois, USA) [21] .
Data Analysis
Resting CIMT images were analyzed using the Carotid Analyzer for Research by Medical Imaging Applications (www.mia.llc.com). Measurements of the far wall of the distal 1 cm of the CCA were recorded at three different optimal angles and were then averaged. Resting blood pressures, fasting glucose and cholesterol values were tabulated to interpret prevalence among different age groups with corresponding group CIMT values. Comparisons of mean values between males and females was performed and presented in tabular and graphical formats. Figure 1 shows an example ultrasound B-mode capture to detail optimal intima-media thickness of a carotid artery. Table 1 details the demographic data of the 130 participants in this study including age, smoking history, history of PVD, stroke and/or heart disease, diabetes and medications. Figure 2 and Figure 3 are histograms presented to give an overview of changes in total cholesterol (TC, Figure 2(a) ), triglyceride levels (TG, Figure 2(b) ), LDL (Figure 3(a) ) and HDL (Figure 3(b) ). As can be seen there was a slight trend of increases in TC TG and LDL with age, but no significant differences were noted, while HDL levels remained level.
Results
Given this somewhat surprising finding, we plotted age versus both right and left carotid intima-media thickness and found a definite association between increased intima-media thickening and age in both male and female subjects (Figure 4) . Figure 2. This figure shows histograms to give an overview of changes in total cholesterol (TC, Figure 2(a) ) and trigylceride levels (TG, Figure 2(b) ). As can be seen there was a slight trend of increases in both TC and TG with age, but no significant differences were noted (TC = total cholesterol; TG = triglycerides).
Figure 3. This figure shows histograms to give an overview of changes LDL (Figure 3(a) ) and HDL (Figure 3(b) ). As can be seen there was a slight trend of an increase in LDL with age, but no significant differences were noted, while HDL levels remained stable (HDL = high density lipoprotein; LDL = low density lipoprotein). To further delineate and assign changes of potential risk factors (LDL, HDL, systolic BP and diastolic BP) with carotid thickening, each was plotted against CMIT as shown in Figure 5 . It is apparent that there is a strong correlation between all the markers (LDL, TC, SBP, DBP) and carotid thickening, suggesting that even slight elevations could indicate problems with narrowing of vessel lumens.
Discussion and Study Limitations
The aim of this study was to document the prevalence of cardiovascular disease risk factors in Sierra Leone and provide the local healthcare community some information that would be useful to them in risk stratifying this population and provide preventative interventions to high risk individuals. The study provides relevant, up-to-date data to the Sierra Leone healthcare system that will bring awareness to a much overlooked health issue and that will hopefully shed more light on the state of non-communicable diseases in the country.
This work was undertaken because the cost of healthcare in Sierra Leone was more than most patients could afford even for those who actually have access to it. A study published by the Médecins Sans Frontières concluded that the no cash-no care policy in Sierra Leone and other developing countries was placing a financial barrier to patients in need of care [22] . Many reports have documented the rise in NCDs in poorer countries, coupled with the undue burden these diseases place on an already fragile infrastructure. Last year an NCD policy was launched in Sierra Leone with the hope of creating a registry and providing up to date information on their prevalence. We hope that the data we have collected from three regions of this country will go towards this database and provide more information for the healthcare community of Sierra Leone and aid organizations.
CIMT has been shown to be an independent predictor of future cardiovascular events and as seen in the study, it appears to correlate directly with increased age, hypertension and dyslipidemia. There are also a number of previous reports linking certain lifestyles and traits, such as high cholesterol, smoking and diabetes to CIMT and the reliability of using carotid thickening as an indicator of impending blood pressure and cardiovascular problems has a sound basis [23] - [26] . Our hope is that this relatively cheap and safe technology, when combined with blood pressure readings and lipid measurements, also cheap and safe, can be used as an indicator that early intervention is required for patients with these risk factors.
We do acknowledge that some limitations exist in this study, one being the fact that we were unable to definitively say whether a participant did or did not have heart disease based on the data we collected. However, we are able to interpret the data because of established guidelines and can conclude from individual test results whether a patient is at increased risk for cardiovascular events. Looking at the means of the data, it becomes apparent that the suggestion that the overall trend paints a bleak picture for cardiovascular disease in our patient group is not entirely true. Another limitation of this study is the disparity in education, health literacy, access to healthcare, nutritional status and sanitary conditions among the participants. These factors undoubtedly affect the overall health of individuals and we hope the fact that we sampled from such a wide variety will allow for a broader picture to be painted. 
